Introduction {#S0001}
============

Hypertension (HTN) is the persistent elevation of systemic arterial blood. There is no sharp demarcation between normal blood pressure (BP) and HTN. However, for clinical purposes, it is defined as systolic blood pressure (SBP) of ≥140 millimeters of mercury (mmHg) and/or diastolic BP (DBP) of ≥90 mmHg or any prior diagnosis of HTN made by a health professional, and taking antihypertensive drugs.[@CIT0001],[@CIT0002]

Hypertension, among diabetic patients, is a worldwide public-health challenge.[@CIT0003] The frequency of HTN among the diabetic population is almost twice that of non-diabetic patients.[@CIT0004] Compared with other cardiovascular disorders, HTN is the most common comorbid disease in diabetic patients and its effects are devastating if not controlled.[@CIT0005],[@CIT0006] Hypertension is estimated to cause 7.5 million deaths annually, accounting for 57 million disability-adjusted life years, and accounts for about 6% of deaths worldwide.[@CIT0002],[@CIT0007] Globally, nearly one billion people have HTN; of these, two-thirds are in developing countries.[@CIT0008]

The coexistence of HTN and diabetes mellitus (DM) is a major contributor to the development and progression of microvascular and macrovascular complications[@CIT0009]. Furthermore, the development of HTN in diabetic individuals complicates the treatment strategy and increases healthcare costs.[@CIT0010] Up to 80% of people with diabetes will die of cardiovascular disease, especially HTN and stroke.[@CIT0009],[@CIT0011] The coexistence of hypertension in DM is attributed to the risk of death and cardiovascular events by 44% and 41%, respectively, as compared to 7% and 9% of these risks in people with diabetes alone.[@CIT0012]

The United Kingdom Prospective Diabetes Study showed that BP control helps to prevent cardiovascular complications in patients with diabetes. Each 10 mmHg decrease in mean SBP was associated with a 12% reduction in the risk for any complication related to diabetes and a 15% reduction in deaths related to diabetes.[@CIT0013] Older age, overweight/obesity, unhealthy diet, lack of physical exercise, smoking and family history of hypertension are major risk factors for HTN.[@CIT0014],[@CIT0015] Focusing on detecting and managing hypertension in patients with diabetes is one of the most effective things that can be done to prevent diabetes complications.

Many countries in sub-Saharan Africa, including Ethiopia, lack detailed basic data on the prevalence and determinants of hypertension.[@CIT0016] Only a few studies have reported on the proportion of persons with hypertension who are aware of their hypertension and were not given due attention. To date, there is no established evidence regarding the prevalence and determinants of hypertension among diabetic patients in Jimma. Hence, this study was aimed at assessing the prevalence and determinants of hypertension among diabetic patients for better management and risk minimization in Jimma University Medical Center (JUMC), Southwest Ethiopia. This study will help provide further information regarding the magnitude of hypertension and its determinants to plan further interventions.

Methods and Materials {#S0002}
=====================

Study Setting, Design and Period {#S0002-S2001}
--------------------------------

An institution-based cross-sectional study was conducted on 366 diabetic patients attending their follow-up at the chronic illness clinic of JUMC, Southwest Ethiopia. It is located in Jimma city 352 km southwest of Addis Ababa. It is a teaching and referral hospital in our country serving a very large catchment area in the Southwestern Oromia region. The data collection period was from June 1 to August 30, 2019.

Population {#S0002-S2002}
----------

The source population includes all adult diabetic patients at the follow-up clinic at JUMC, while the study population was all adult diabetic patients who were under routine follow-up at the JUMC during the data collection period. A total of 2500 DM patients constituted the source population.

Eligibility Criteria {#S0002-S2003}
--------------------

Participants of age ≥ 18 years who had follow-up for at least 1 month were included and those who were critically ill, had incomplete medical records, with newly diagnosed diabetes who were not registered, with hearing difficulty and pregnant women were excluded.

Sample Size Determination {#S0002-S2004}
-------------------------

The sample size was calculated using a single population proportion formula with 95% confidence interval, 50% proportion and a margin of error 5%. This gives an initial sample size of 384. Since the estimated total population of diabetes patients was less than 10,000, we employed a population correction formula for a finite population. The final sample size according to this equation yields 333, and then adding 10% for nonresponse the final sample size was 366.

Sampling Technique {#S0002-S2005}
------------------

A systematic random sampling technique was employed to select study participants. There were 2500 diabetic patients registered at the follow-up clinic at JUMC. These patients were our sampling frame and the patients included in the sample were selected every six intervals based on their medical record registration numbers. The first patient was selected randomly from the first six by a lottery method, and the next patient was interviewed and examined every sixth interval until the required sample was attained ([Figure 1](#F0001){ref-type="fig"}).Figure 1Flow chart to select study participants at JUMC 2019, Jimma, Ethiopia.

Data Collection Tool and Procedure {#S0002-S2006}
----------------------------------

Data were collected using a structured interviewer-administered questionnaire through face to face interviews, patient record reviews and physical examination. Behavioral variables were assessed based on the WHO STEPwise approach for chronic disease risk factor surveillance.[@CIT0017] Clinical variables were taken from the patient record review and physical measurements were conducted. Body weight was measured to an accuracy of 0.1 kg using a portable weight scale machine. Subjects were barefoot and wearing light indoor clothing. Height was measured in meters, standing upright on a flat surface by a stadiometer. Body mass index (BMI) was calculated as the ratio of weight in kilograms (kg) to the square of height in meters (m^2^). Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured from the left arm at the level of the heart using a mercury-based sphygmomanometer after the subjects take a rest for more than 10 minutes and 30 minutes for those who take hot drinks like coffee. For those study subjects with SBP ≥ 140 mm of mercury (mmHg) and DBP ≥ 90 mmHg, blood pressure was measured again and finally the average value was taken. Three BSC nurses and two medical interns collected the data with the supervision of two supervisors and principal investigator.

Operational Definition {#S0002-S2007}
----------------------

### Hypertension {#S0002-S2007-S3001}

A study participant was classified as hypertensive if the average SBP/DBP was ≥140/90 mmHg and/or taking antihypertensive drugs.

### BMI ≥ 25 kg/m^2^ {#S0002-S2007-S3002}

Overweight or obese.

### Critically Ill {#S0002-S2007-S3003}

Patients who are unable to communicate and abnormal consciousness.

### Controlled Fasting Blood Sugar {#S0002-S2007-S3004}

Fasting blood sugar ≤130 mg/dl.[@CIT0018]

### Uncontrolled Blood Sugar {#S0002-S2007-S3005}

Fasting blood sugar \>130 mg/dl.[@CIT0018]

### Diabetes Patient {#S0002-S2007-S3006}

Known diabetic patient on follow-up who has a medical record number at JUMC.

### Diabetes Duration {#S0002-S2007-S3007}

The duration of DM was calculated as age at data collection minus age at onset of DM.

### Khat Chewer {#S0002-S2007-S3008}

Participants who chewed khat for 4 or more days in a week.

### Non-Chewers {#S0002-S2007-S3009}

Those who never chewed khat.

Data Quality Management and Statistical Analysis {#S0002-S2008}
------------------------------------------------

Before data analysis took place, training was given to the data collectors by the principal investigator on how to use the questionnaire and guideline, objectives of the study on chart review and measurement techniques. A pretest was conducted in 5%[@CIT0018] of the sample size in Shenen Gibe Hospital and amendment of the questionnaire was done. After analyzing pretest results, necessary corrections and modifications were made. Continuous follow-up and supervision were made by the two supervisors and principal investigator and collected data were reviewed and checked daily for completeness, clarity and consistency. After that, data were entered into Epidata version 3.1 and then exported to SPSS, IBM 20 for analysis. Frequency, proportion and mean were computed to describe the relevant variables. The data output was presented using tables. A logistic regression model was computed to see the association of independent variables and dependent variables. Bivariate analysis was done and those independent variables whose p-values less were than \<0.25 were shifted into the multivariate logistic model. Finally, significance of statistical association was assured or tested using the 95% confidence interval and a p-value of \<0.05 was considered significant in multivariable regression. Model fitness was also checked through the Hosmer and Lameshow test, p \> 0.05.

Result {#S0003}
======

Socio-Demographic Characteristics of Participants {#S0003-S2001}
-------------------------------------------------

A total of 366 participants were involved in this study. More than half (55.5%, 203) of the respondents were males. The mean age of the respondents was 50.1 ± 14.28 years. Of the respondents, 44.3% were Muslim followed by orthodox 39.6% in religion. Regarding the marital status of the respondents, more than three-quarters (289, 79%) were married followed by single (60, 16.4%) ([Table 1](#T0001){ref-type="table"}).Table 1Socio-Demographic Characteristics of Patients with Diabetes Mellitus at JUMC 2019, Jimma, EthiopiaVariablesCategoryNumberPercentageSexMale20355.5Female16344.5Age\<30 years4311.730 to 39 years308.240 to 49 years8723.8≥50 years20656.3Marital statusMarried28979Single6016.4Others^a^174.6ReligionMuslim16244.3Orthodox14539.6Protestants4612.6Others^b^133.6Educational statusIlliterate10829.5Primary16745.6Secondary4412College and above4712.8Occupational statusHousewife10829.5Farmer11330.9Employer7821.3Private worker5113.9Others^c^164.4ResidenceUrban17748.4Rural18951.6Family history of hypertensionYes9425.7No27274.3Average monthly income (ETB)\<10009626.21000 to 19994010.92000 to 29999526≥300013536.9[^1]

Clinical and Behavioral Characteristics of Participants {#S0003-S2002}
-------------------------------------------------------

Almost half (54.9%) of study participants were diagnosed with diabetes for less than 5 years. A total of 231 (63.1%) study participants were in the normal category of BMI. Fifty-four (14.8%) participants were active smokers currently, while 244 (66.7%) had never smoked ([Table 2](#T0002){ref-type="table"}).Table 2Clinical and Behavioral Characteristics of Patients with Diabetes Mellitus at JUMC 2019, Jimma, EthiopiaVariablesCategoryNumberPercentageType of DM17019.1229680.9Duration of DM\<5 years20154.9≥5 years16545.1HypertensionYes13737.4No22962.6Treatment regimenNoninsulin24466.7Insulin9927Both236.3BMI (kg/m^2^)18.5 to 24.923163.1\<18.5308.2≥258423Alcohol intakeCurrent4412Former318.5Never29179.5SmokingCurrent5414.8Former6818.6Never24466.7Physical exerciseActive17948.9Inactive18751.1Other comorbid disease^a^Yes4211.5No32488.5Fasting blood sugar (mg/dl)\<13026371.9≥13010328.1Khat chewingYes15742.8No20957.1[^2]

Prevalence of Hypertension Among Diabetic Patients {#S0003-S2003}
--------------------------------------------------

The overall prevalence of hypertension among diabetic patients was found to be 37.4% (137) \[95% CI: 32.8, 42.6\]. Out of hypertensive diabetics, most (40%) of them were newly discovered during this study period and the least (7.29%) of them were diagnosed together with DM simultaneously ([Figure 2](#F0002){ref-type="fig"}).Figure 2Prevalence rate of HTN based on the time it was diagnosed.

Factors Independently Associated with Hypertension {#S0003-S2004}
--------------------------------------------------

A multivariable logistic regression model was fitted to identify factors independently associated with hypertension among DM patients at p \< 0.05. On bivariate evaluation, 10 variables showed evidence of some association with the outcome at a p-value \<0.25, hence were included in the multivariate logistic regression analysis. These variables include educational level, age, duration of diabetes, physical inactivity, smoking, type of DM, family history of hypertension, khat chewing, BMI ≥ 25 kg/m^2^ and treatment regimen. The Hosmer and Lemeshow goodness of fit test gave a p-value of 0.145, indicating evidence of fitness of the model.

From those variables, age of participant was one of the independent factors in predicting hypertension. Participants of age ≥ 50 years were 4.57 times more likely to develop hypertension compared to patients younger than 30 years \[AOR = 4.57; 95% CI: 1.40, 16.4, p = 0.012\] controlling for all other factors in the model. The other factor identified was BMI; clients whose BMI was ≥25 kg/m^2^ were 3.11 times more likely to develop hypertension compared to patients with those normal BMI \[AOR = 3.11; 95% CI: 1.58, 6.12, p = 0.001\] controlling for all other factors in the model. Finally, diabetic patients who were khat chewers were 19.3 times more likely to develop hypertension as compared with non-chewers \[AOR = 19.3; 95% CI: 10.26, 36.44, p \< 0.001\] provided other factors remain the same ([Table 3](#T0003){ref-type="table"}).Table 3Multivariate Logistic Regression Analysis of Factors Associated with Hypertension Among Diabetes Patients in JUMC, 2019VariablesCategoryHTNBivariate AnalysisMultivariate AnalysisYesNoP-valueCOR (95% CI)P-valueAOR (95% CI)Age (years)\<3053911130 to 397230.1782.37 \[0.67, 8.35\]0.226\*40 to 4926610.0233.32 \[1.17, 9.388\]0.082\*≥50991060.007.28 \[2.76, 19.226\]0.012^a^4.79 \[1.4, 16.4\]Educational levelIlliterate49590.0721.95 \[0.942, 4.066\]0.088\*Primary601070.4351.32 \[0.65, 2.66\]0.118\*Secondary14300.8341.1 \[0.451, 2.68\]0.111\*College and above14331111Type of DM11258111121251710.003.53 \[1.82, 6.85\]0.197\*SmokingCurrent20470.3920.77 \[0.429, 1.39\]0.587\*Former35330.0191.927 \[1.116, 3.33\]0.138\*Never821491111Family history of HTNYes43510.0541.59 \[0.991, 2.57\]0.124\*No941781111Physical exerciseActive561231111Inactive811060.0181.678 \[1.094, 2.58\]0.999\*Khat chewingNo29180111Yes49108≤.00113.6 \[8.1, 22.95\]≤.001^a^19.34 \[10.26, 36.44\]BMI (kg/m^2^)18.5 to 24.9711531111\<18.59180.8631.07 \[0.461, 2.5160.487\*≥2557550.0012.233 \[1.40, 3.55\]0.001^a^3.11 \[1.58, 6.12\]Duration of DM (years)\<5651361111≥572930.0271.62 \[1.057, 2.48\]0.275\*Treatment regimenInsulin31681111Noninsulin941500.2091.375 \[0.836, 2.26\]0.894\*Both12110.0642.393 \[0.95, 6.01\]0.635\*[^3]

Discussion {#S0004}
==========

The overall prevalence of hypertension among diabetic patients was found to be 37.4% \[95% CI: 32.8, 42.6\]. This result was in line with several studies conducted so far. Accordingly, studies conducted in Pakistan 40.45%,[@CIT0019] 38% in Bahrain,[@CIT0020] Taiwan 39%[@CIT0021] and Jos, Nigeria 35%.[@CIT0022] However, the finding of the current study is lower than a study conducted in Botswana 61.2%,[@CIT0023] 85.6% in Benghazi, Libya,[@CIT0024] 70.4% in Morocco,[@CIT0025] in Jordan 76%[@CIT0026] and 89.6% in Iraq 89.6%.[@CIT0027] The possible reason for such discrepancy might be due to differences in study population used, socio-demographic characteristics, study settings, study design, the habit of visits to health setups and difference in lifestyle of study participants.

In contrast, the finding of the current study is higher than a study conducted in Southern Ethiopia at Sidama zone which reported 18.8%,[@CIT0028] 29% in Turkey[@CIT0029] and 25.6% in India.[@CIT0030] The possible reasons for difference with our finding might be due to differences in socio-demographic, study design, type of study population, sample size variation and/ or awareness differences.

Our study showed that age ≥ 50 years was independently associated with HTN among diabetic patients. This report is in line with the previous studies.[@CIT0023],[@CIT0024],[@CIT0027] This might be due to aging being generally associated with a decline in various physiological functions and non-communicable diseases including HTN. Furthermore, increasing age has also been linked with a higher incidence of disease.[@CIT0031],[@CIT0032]

In addition, our study showed that patients with higher BMI (≥25 kg/m^2^) have a higher risk of developing hypertension than ones with normal BMI. This finding agreed with the findings of previous studies.[@CIT0023],[@CIT0025],[@CIT0027] The possible explanation for this is excess weight gain leads to enhanced cardiovascular risk, endothelial dysfunction, inflammation, hemodynamic changes, and atherosclerosis.[@CIT0033] In addition, when an individual becomes overweight he/she will have insulin resistance, excess bad cholesterol in blood vessels and this makes narrow blood vessels, and progressively the person develops HTN. Besides, as BMI levels increase, the risk of chronic diseases increases including hypertension.[@CIT0034],[@CIT0035]

Finally, our study indicated that hypertension is associated with khat (*Catha edulis*) chewing. This result is consistent with prior studies.[@CIT0036],[@CIT0039] The possible reason might be cathinone, which is the main active ingredient in khat leaves, releases noradrenaline, which might have a sustained effect as a peripheral vasoconstrictor among regular khat chewers.[@CIT0038],[@CIT0040]

Limitation of the Study {#S0005}
=======================

The cross-sectional design of this study was unable to identify a causal relationship. Since the study was hospital based, it may not be representative of the community and some questions were exposed for recall bias. Finally, we did not include concomitant medications.

Conclusion {#S0006}
==========

The study found that a majority of diabetes patients suffer from coexisting hypertension. So active search for early detection of hypertension and related cardiovascular risk factors should be an important part of diabetes follow-up. Furthermore, the study pointed out that BMI ≥ 25 kg/m^2^, khat chewing and older age were associated with hypertension coexisting with DM, which may be used in tailoring management of hypertension among diabetics.
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[^1]: **Notes:** ^a^Widowed, divorced. ^b^Catholic, Wakefata. ^c^Retired, unemployed.

[^2]: **Notes:** ^a^24 chronic kidney disease, 9 congestive heart failure, 5 asthma, 4 cancer.

[^3]: **Notes:** ^a^Value statistically significant. \*Value not statistically significant. AOR, adjusted odds ratio; COR, crude odds ratio; CI, confidence interval; 1, reference.
